Crop phenology is one of the most important aspects of crop yield determination and it is essential to predicting physiological responses under varying field conditions. In order to evaluate plant density and intra-row spacing effects on phenology, dry matter accumulation, and leaf area index of maize in second cropping, a factorial experiment based on randomized complete block design was conducted at the research farm of the University of Mohaghegh Ardabili. Experimental factors were: plant population at three levels (7, 9, and 11 plants m -2 ) with three levels of intra-row spacing (45, 60, and 75 cm). The results showed that the maximum plant height (179.07 cm), total dry matter (592 g m -2
INTRODUCTION
Maize (Zea mays L.) belongs to the family of Poaceae (Gramineae) that has a much higher grain protein content than staple food, rice. The production of maize in developing areas is low as compared to developed countries. There are several causes of low productivity. Among them, mismanagement of plant density is considered to be the major one. Hence, there is a need to improve this major component of the production technology for getting higher maize production. Maize yield is more affected by variations in plant population density than other members of the grass family due to its low tillering ability, monoecious floral organization, and the presence of a brief flowering period (Sangoi et al., 2002; Vega et al., 2000) . For each production system, there is a population that optimizes the use of available resources, allowing the expression of maximum attainable grain yield in that environment. The ideal plant number per area will depend on several factors such as water availability, soil fertility, maturity group, and plant density (Sangoi et al., 2002) . The relationship between maize yield and plant density is not well established. Trenton and Joseph (2007) suggested that in a dense population most plants remain barren; ear and ear size remains smaller, crop becomes susceptible to lodging, disease and pest, while plant population at sub-optimum level resulted in lower yield per unit area. Plensicar and Kustori (2005) reported that the maximum biological yield was found at higher planting density. Iptas and Acar (2006) indicated that plant densities had no significant effects on leaf percentage, but stem percentage increased as plant densities increased (Oktem, Oktem, 2005) .
Seed row spacing is an agronomical management strategy used by producers to optimize the husbandry of the soil and plant ecosystem from sowing to harvest with the goal of bolstering the production of crops. Crop row spacing influences canopy architecture, which is a distinguishing characteristic that affects the utilization of light, water, and nutrients (Brenton, Denise, 2005) . Westage et al. (1997) reported that light interception was not affected by corn row spacing. They found no yield advantage to growing corn in narrow (spacing of 0.38 m) rows vs. conventional (spacing of 0.76 m) rows over two growing seasons in Minnesota. Pedersen and Lauer (2003) found an 11% lower yield for corn grown in 0.19 m rows vs. 0.38 and 0.76 m rows in Wisconsin, while Farnham (2001) found a 2% lower yield for corn grown in 0.38 m rows vs. 0.7 m.
Crop phenology is one of the most important aspects of crop yield determination and accurate prediction of phenology; therefore, it is essential to predicting physiological responses under varying field conditions (Hodges, 1991). Amanullah et al. (2009) noted that there was not more synchrony in flowering with higher density. They reported that higher plant density delayed days to 50% silking of maize crop. Ritchie and Alagarswamy (2003) stated that lengthening of the time interval between anthesis and barrenness occurred more frequently when plant densities exceeded 10 plants m -2 . Hamidi and Nasab (2001) reported that increases in plant densities significantly delayed the duration of the vegetative and reproductive period. Bolanos and Edmeades (1996) observed positive relationship between silk delay and plant density. Edmeades et al. (2000) showed that close synchrony between male and female inflorescence was desirable to improve kernel set and yield of corn. An asynchronous flowering may limit grain production per ear due to lack of pollen, loss of silk receptivity or early kernel abortion caused by the dominance of early formed ovaries from the base of the ear on the late formed from the tips (Carcova, Otegui, 2001 ).
Growth analysis is still the most simple and precise method to evaluate the contribution of different physiological processes in plant development (Namvar et al., 2011) . The physiological indices such as leaf area index (LAI) and total dry matter (TDM) are influenced by genotypes, climate, soil fertility, and plant density. Rao et al. (2002) suggested that leaf area index and leaves architecture are two main characteristics that define light interception in the canopy, and increasing plant density is one management tool for increasing the capture of solar radiation within the canopy. Leaf area index can be improved in two ways: breeding for increased leaf area per plant and increasing plant density (Namvar et al., 2011 ). Dry matter accumulation is directly related to leaf area index, or the amount of radiation intercepted by the crop and optimum plant density increases total dry matter and delay senescence (Jeffrey et al., 2005) . Egli and Guffy (1997) reported that total dry matter is influenced by leaf area index and suggested that a larger leaf area per plant produced more assimilate in the plant, resulting in increased yield. Zhuang and Yu-Bi (2013) reported that leaf area index increases with increasing of plant population and TDM would increase with increased LAI.
Maize forage producers require more information on how plant density practices affect dry matter yield, and studies on proper combination of plant density and intra-row spacing effects on phenology, dry matter accumulation, and leaf area index of maize in second cropping are lacking. Considering the above facts, the present study was undertaken to elucidate the effects of plant density and intra-row spacing on phenology, total dry matter, and leaf area index of maize in second cropping.
MATERIALS AND METHODS
A factorial experiment based on randomized complete block design with three replications was conducted at the research farm of the University of Mohaghegh Ardabili (lat. 38° 15' N, long. 48° 15' E, alt. 1350 m). Climatically, the area is placed in the semi-arid temperate zone with cold winter and hot summer. Average rainfall was about 385 mm that mostly concentrated between winter and spring. Prior to crop sowing, soil samples were collected with soil auger and analyzed for various physicochemical properties (Table 1) . Mean temperature and precipitation in the maize growing season are presented in Fig. 1 .
Experimental factors were: different plant densities (7, 9 , and 11 plants m -2 ) with intrarow spacing at three levels (45, 60, and 75 cm). The field was prepared well before sowing by ploughing twice with a tractor followed by planking to make a fine seed bed. The soil was silt loamy with pH of about 8.2. In each plot there were 6 rows 6 m long. Plots and blocks were separated by 0.5 m unplanted distances. Maize seeds were planted in the third week of June. Nitrogen fertilizer (150 kg ha -1 ) was applied in the form of urea ( 1 / 3 at sowing + 1 / 3 at 6-7 leaves stage + 1 / 3 before tasseling). Weeds were controlled manually. All other agronomic operations, except those under study, were kept normal and uniform for all treatments.
The field was immediately irrigated after planting to ensure uniform germination. Two types of measurements are needed for growth analysis: (1) plant weight; this is usually the oven dry weight (g) and (2) the size of the assimilating system; this is usually in terms of leaf area (m -2 ). In order to estimate these two factors, nine harvests were taken at equal intervals of 7 days at different stages of the maize growth period. In each experimental plot, two marginal rows and 0.5 m from the beginning and end of planting lines were removed as a margin and measurements were done on four rows in the middle lines. For estimation of growth analysis, 3 plants were sampled randomly in each treatment compound and averaged for recording the changes in shoots' dry weight (above ground). The first harvest was taken 26 days after planting (DAP). To obtain the dry matter weight, samples were oven dried at 70 ± 5 °C for 72 h till they reached constant weight. The variances of total dry matter (TDM) were determined using equation (1) . Leaf area index (LAI) was determined by dividing leaf area over ground area and was estimated using equation (2) 
. (2) In these equations, t is the intervals of sampling or, on the other hand, the beginning and end of the interval sampling and a, b, c and d are coefficient of equations.
Silking refers to the stage when silk emerged on 50% of the observed plants. Anthesis was reached when 50% of the plants shed pollen from the main branch of the tassel and from a few other branches. On the other hand, anthesis date was recorded when 50% of the plants had shed pollen, whereas silking date was recorded when 50% of the plants had visible silks. The anthesis-silking interval (ASI) is the number of days from anthesis to silking. It was calculated as the difference between the recorded anthesis and silking dates (Bolanos, Edmeades, 1993) . Forage yield was obtained from 1 m 2 long three middle rows in each plot. The data recorded were statistically analyzed by using computer software SAS (ver 9.1). Analysis of variance technique was used to test the significance, and LSD at 5% probability level was used to compare the treatment means.
RESULTS AND DISCUSSION
Plant density and intra-row spacing had significant effects on phenolgy, total dry matter, and leaf area of maize (Table 2) .
Plant height
Plant height is an important component which helps determining the growth attained during the growing period. Plant density and intra-row spacing significantly affected the plant height. The maximum plant height was obtained from the highest plant density (11 plants m -2 ), while the least value was recorded at application of 7 plants m -2 . Similar results had been reported by Turbert et al. (2001) . Increase in plant height due to greater plant density may be attributed to better vegetative development that resulted in increased mutual shading and internodal extension. The comparison of means indicated that the maximum plant height was recorded at application of 11 plants m -2 in intra-row spacing of 45 cm and the minimum value was obtained from 7 plants m -2 in intra-row spacing of 75 cm (Table 3 ). This trend explains that as the number of plants increased in a given area the competition among the plants for nutrients uptake and sunlight interception also increased. Increase in plant height may also be due to prolonged vegetative growth which increased plant height. So, the comparison of means showed that days to tasseling or the vegetative growth period increased when plant density was increased (Table 3 ). The increase of plant density from 7 to 9 and 11 plants m - Mean values followed by the same letters in each column and treatment showed no significant difference by LSD (P = 0.05). -*, ** and ns showed significant differences at 0.05, 0.01 probability levels and no significant, respectively Notes: TDM, Total Dry Matter; LAI, Leaf Area Index (Table 3) . These results were in agreement with those of Oktem and Oktem (2005) . Stem percentage increased with the decrease of intra-row spacing, and the highest (67.5%) was determined at 45 cm intra-row spacing and the lowest (65.09%) at intra-row spacing of 75 cm. Stem percentage is strongly influenced by environmental conditions during elongation. Some researchers reported that stem percentage was higher in higher plant densities as a consequence of interplant competition (Konuskan, 2000) . 
Total dry matter
The pattern of dry matter accumulation in all different plant densities was almost similar. The results indicated that TDM increased slowly at the early stages of growth (28-42 days after sowing) because of incomplete plant canopy, low leaf area index, and assimilation and then increased rapidly with the advancement of plant age (Fig. 2) . A rapid increase in TDM at the later stages of growth can be due to the development of a considerable amount of leaf area index (Fig. 3) -2 , respectively, at the same intra-row spacing in 83-91 days after planting ( Table 2 ). The increase in total dry matter with the increasing of plant densities and decreasing of intra-row spacing indicates the favourable response of maize biomass produced to increasing plant density. It is perhaps related to accelerating the photosynthesis activity due to a higher leaf area index (Fig. 3) which caused dry matter accumulation increase. Numerous workers have determined different plant densities for the maximum dry matter yield changing from 79,000 to 16,5000 plants ha 2005) suggested that dry matter accumulation is directly related to leaf area index and the optimum plant density increases total dry matter. Winter and Ohleroch (1999) reported that leaf area index is a predictor of total biomass and is one of the ways of increasing the capture of solar radiation within the canopy and production of dry matter. It seems that increases in plant density significantly delay the duration of the vegetative and reproductive period (Table 3) -Mean values followed by the same letters in each column and treatment showed no significant difference by LSD (P = 0.05).
-*, **, and ns showed significant differences at 0.05, 0.01 probability levels, and no significant, respectively. 
Leaf area index
LAI is an important parameter of maize. The data regarding LAI as affected by plant population densities and intra-row spacing are given in Table 2 . Effects of plant density and intra-row spacing on LAI are shown in Fig. 3 . We can see that LAI starts from low values, reaches a certain peak and then declines with plant aging (Fig. 3) . The treatments having plant population of 9 and 11 plants m -2 produced higher LAI of 2.95 and 3.17, respectively, 63-70 days after planting. Valadabadi and Farahani (2010) stated that leaf area is influenced by genotype, plant population, climate, and soil fertility. They further reported that the highest physiological growth indices are achieved under high plant density, because photosynthesis increases by development of leaf area. In our research, increase in LAI explains the general crop trends that increasing plant density increases leaf area index on account of more area occupied by green canopy of plants per unit area. On the other hand, increasing leaf area index is one of the ways of increasing the capture of solar radiation within the canopy and accumulation of dry matter. Responses of dry matter accumulation and leaf area index were similar when plant density was increased or intra-row spacing was decreased. in intra-row spacing of 45 cm increased by about 14.3 and 20.5% higher LAI compared to application of 7 and 9 plants m -2 , respectively, at the same intra-row spacing 63-70 days after planting (Table 2) . Previous research findings also indicated that at high maize density, leaf area index and total dry matter increased compared to low maize density throughout the crop growth season.
Days to 50% tasseling
The comparison of means of days to 50% tasseling showed a significant difference between plant density and intra-row spacing at 5% probability level (Table 3) . Maize took more time to tasseling when plant density was increased ( Table 3 ). The comparison of means indicated the maximum of days to 50% tasseling (45 days) was recorded at application of 11 plants m -2 in intra-row spacing of 45 cm and the minimum (39.4 days) was recorded at application of 7 plants m -2 in intra-row spacing of 75 cm (Table 3) . Gungula et al. (2003) suggested that increase in plant density might have increased the rate of photosynthesis and delayed phenological characteristics such as tasseling in maize. ) reported that plots maintained at high density took slightly more time to tasseling, silking, and physiological maturity than the plots maintained at low density. They suggested that dense planting might have slightly slowed down the rate of plant development because of more competition in dense populations (Hamidi, Nasab, 2001 ).
Days to 50% silking
Maize took more time to silking in plots that received the highest plant density and the lowest intra-row spacing (Table 3) . Increasing plant density increased days to 50% silking (Table 3) . A similar trend (as for tasseling) for silking was observed with decreasing of intra-row spacing. The comparison of means indicated the maximum of days to 50% silking (50 days) was recorded at application of 11 plants m -2 in intra-row spacing of 45 cm and the minimum (43.7 days) was recorded at 7 plants m -2 in intra-row spacing of 75 cm (Table 3) ) who noted that phenological events like tasseling, silking, and maturity in maize were significantly delayed by increasing plant density. Bolanos and Edmeades (1996) observed positive relationship between silk delay and plant density.
Time gap between anthesis and silking (ASI)
Plant density and intra-row spacing significantly affected anthesis and silking interval. The results indicated that the maximum of ASI (5 days) was recorded at application of 11 plants m -2 with intra-row spacing of 45 cm and the minimum of it (3.8 days) was recorded at application of 7 plants m -2 with intra-row spacing of 75 cm (Table 2) . A shorter ASI with a higher intra-row spacing was because of inducing early and rapid growth. Hamidi and Nasab (2001) reported that there will be more synchrony in flowering with lower plant density. Bolanos and Edmeades (1996) showed that close synchrony between male and female inflorescence is desirable to improve yield and yield components. An asynchronous flowering may limit grain production per ear due to lack of pollen, lost of silk receptivity or early kernel abortion caused by dominance of early formed ovaries from the base of the ear on the late formed from the tips (Carcova, Otegui, 2001 ). In agreement with the results of the present study, increase in ASI was reported with increase in plant density (Amanullah et al., 2009 ).
Biomass production
Produced biomass is the main target of crop production. It was significantly affected by both plant density and intra-row spacing. The results indicated that the maximum of biomass produced was recorded at application of 11 plants m -2 and the minimum of it was recorded at application of 7 plants m -2 (Table 2) ). Hamidi and Nasab (2001) reported that increases in plant density significantly delay the duration of the vegetative and reproductive period and could be a possible reason for increasing of maize yield. Vega et al. (2000) reported that maize yield is affected to a greater extent by variations in plant density than other members of the grass family due to its tillering capacity
CONCLUSIONS
The influence of plant density and intra-row spacing effects on phenology, dry matter accumulation, and leaf area index of maize in second cropping can be summarized as follows:
(1) Maize biomass changed with plant density and intra-row spacing. Maximum biomass was obtained in the plots with 11 plants m -2 and intra-row spacing of 45 cm.
(2) The maximum of days to 50% anthesis and days to 50% silking were obtained from 11 plants m -2 with intra-row spacing of 45 cm, and it was vice versa in ASI. On the other hand, application of higher plant density decreased close synchrony between male and female inflorescence or increased ASI, and this is not desirable to improve biomass production.
The highest values of total dry matter and leaf area index were observed at high levels of plant density and low levels of intra-row spacing.
(4) Based on the results, it was concluded that application of 11 plants m -2 with intra-row spacing of 45 cm can be recommended for profitable production of maize in second cropping
